Objectives: to evaluate the intra-and interobserver variability in measurements of the aorta and iliac arteries in patients
Introduction
aneurysm, deposition of thrombus and calcification in the neck and iliac arteries, and inaccurate sizing of the The prevalence of abdominal aortic aneurysms (AAAs) endoprosthesis in relation to the diameter of the neck and iliac arteries. 14 It is obvious that for perfect stentis increasing. 1 Currently, surgical treatment of nonruptured aneurysms with a diameter of more than fixation the length and diameter of the proximal aortic neck and distal iliac arteries have to be precisely 6 cm is common practice. However, most patients also have other manifestations of cardiovascular disease, known. 15 Computed tomography angiography (CTA), a technique described previously, 16 has become the and an operation can be a major procedure that is associated with a mortality rate of 5-7%. [2] [3] [4] preferred examination to evaluate the neck, aneurysm and iliac arteries. It can be questioned how accurate Since the beginning of the nineties less invasive endovascular treatment of selected aortic aneurysm these measurements are, because others have demonstrated that the variability of these measurements with stent-grafts has been successfully attempted [5] [6] [7] and several clinical trials are currently in progress. can be substantial. 17, 18 Therefore, the purpose of this study was to determine the intra-and interobserver Failure to exclude the aneurysm sac from the circulation is often caused by the occurrence of an endo-variability in measurements of the diameters of neck, aneurysm and iliac arteries obtained from CTA data. leak between the stent-graft and the aortic wall. 8, 9 In the presence of an endoleak the aneurysm sac can stay pressurised [10] [11] [12] and, therefore, the risk of rupture is not eliminated. 13 Important factors to avoid endoleak are the length of the normal aorta between the anMaterials and Methods eurysm and the renal arteries (the aneurysm neck), the degree of angulation between the neck and the Patients
The study included the CTA data of 10 consecutive * Please address all correspondence to: N. J. M. Aarts., Department patients who were evaluated for endovascular repair of Radiology C3-Q, Leiden University Medical Centre, PO Box 9600, 2300 RC Leiden, The Netherlands.
of an infrarenal aortic aneurysm.
CT angiography CTA (Philips SR 7000, Philips Medical Systems, Best, The Netherlands) was performed with a 5-mm collimation width (1:1 pitch) during the infusion of 150 ml of contrast (Iomeron 300, Byk, Milano, Italy) administered intravenously with a flow rate of 2.5 ml and a 40 s scan delay. Overlapping 3 mm slices were reconstructed. The scan was performed from the origin of the coeliac artery (proximal border) to the external iliac arteries (distal border). 
Data collection
The examinations were read and measured by 5 ob- J. H. v B.) and 2 radiologists (L. J. S., P. B.). The observer 5. transverse diameter was determined by measuring the shortest distance (in any direction) between the vessel and second measurements of one observer was aswall on axial slices. The diameter of the neck, aneurysm sessed by ascertaining (with the paired t-test) whether and both iliac arteries was measured during four the mean of the differences was significantly different different sessions: from zero. A possible change in variability going from hard copy to workstation was evaluated by comparing • Session 1A was performed on hard copy in which the just-mentioned standard deviations. Graphical ilthe participants were free to select the optimal slice lustration of the differences of the paired observations of neck, aneurysm and iliac arteries. was made according to a method described by Bland • Session 1B also on hard copy in which the optimal and Altman.
19 Similar analyses were made for the slice was pre-elected.
interobserver variability.
• Session 2A was performed on a workstation (Easy Vision, Philips Medical Systems, Best, The Netherlands) with the same slice as in session 1B. Results • Session 2B was also performed on a workstation in which the observers were asked to repeat the Intra-observer variability measurements of session 2A but were instructed additionally to measure the diameter from intima A total of 50 intra-observer pairs for each session could to intima. Calcifications were considered to be a be evaluated for the neck, aorta, right and left iliac, part of the inner lumen.
respectively. In Figs 1 and 2 the plots of the intraIn sessions 1A and B measurements were performed observer variability in the measurements of the neck by using a ruler with a length of 10 cm. The scale of are shown according to the method described by Bland the ruler was 5 mm, which was equal to that of the and Altman. 19 In Fig. 1 the limits of agreement are hard copy. In sessions 2A and B, electronic callipers and an electronic magnifying glass were used.
Each session was performed on one day and repeated with an interval of at least one week to determine the intra-observer variability. The sequence of the patients was changed for each session. The circumstances for the measurements were standardised to minimise external influences (environment, optimal light, etc).
Data analysis
To assess the intra-observer variability we calculated for each observer the difference of the paired ob- shown for session 1A and in Fig. 2 for session 2B. Eight Interobserver variability patients had a diameter of the aortic neck between 20 The standard deviation for the interobserver variability and 30 mm; two patients of around 40 mm. These for each observer pair is demonstrated in Table 2 . The figures show that there is a significant reduction in results of the measurements of the aortic neck show variability between session 1A and 2B. In Fig. 1 a a decrease in the standard deviation from session 1A variation is seen between 5 and −12 mm, while in to 2B for all 10 observer-pairs. Observer-pairs 1-2, 2-3, Fig. 2 it is between 2 and −3 mm. These figures also 2-4 show a notable decrease between session 1A, 1B, demonstrate that the observers are randomly scattered 2A on one hand and session 2B on the other. These and not clustered. The plots of the measurements of results suggest that strict criteria would improve the the aorta, right and left iliac showed the same pattern interobserver variability. For the aorta, however, imfor all five observers. Therefore, the mean and the provement is seen exclusively in two observer-pairs standard deviation (s.d.) of the differences of the paired and for the iliac arteries in five observer-pairs. In the observations for the five observers could be pooled observer-pairs 2-5 and 3-5 a clear outlier is found in and are, for the four different sessions and the four the results of the measurements of the aorta in session levels, presented in Table 1. 2B. This is due to the measurements in one single The mean difference shows a reduction for all four patient. If this patient were not taken into account parameters when the measurements on hard copy the variability would have been 2.90 and 2.80 mm, (session 1A and B) are compared to the measurements respectively. obtained with the electronic callipers (session 2A and
In table 3 the mean difference, p-value and standard B).
deviation for the best session (2B) are separately given. For the diameter of the neck, the mean difference
The mean difference between the observers ranges of the measurements is larger for session 2B than for from 1. value is equal to zero a bias between observers is The results for the diameter of the aneurysm of the evident. If a p-value of 0.01 or less is considered as a aorta show a gradual decrease in mean difference and potential bias, this can be seen between observers 3-4 s.d. from session 1A to 2B (1.16 mm to −0.17 mm and for all parameters; observers 2-4 for the neck and left 4.16 mm to 1.72 mm, respectively). No potential bias is iliac; observers 1-4 for the aorta; observers 4-5 for the evident. The results of both iliacs show a decrease in right iliac. s.d. for both sides (right from 1.87 mm to 1.01 mm; left 2.07 mm to 0.87 mm). However, the mean difference in session 1A for the right iliac is surprisingly low Discussion (−0.04 mm). There is a tendency to a systematic bias for the measurement of the left iliac artery in session For conventional treatment of an aortic aneurysm, imaging modalities are mainly used to determine the 1A and for the right iliac in session 1B. diameter of the aneurysm, its relation to the renal of abdominal aortic aneurysms these measurements of the neck (diameter and length) and iliac arteries arteries and extension in the iliac arteries. 20 In addition, the presence of occlusive disease is important. Precise become essential for adequate sizing of the endoprosthesis for successful exclusion of the aneurysm. information about the diameter of the neck and the iliac arteries is not required.
Eur J Vasc Endovasc Surg Vol 18, December 1999
The endoprosthesis must match the dimensions of the neck of the aneurysm and both iliac arteries to prevent With the introduction of the endovascular treatment Eur J Vasc Endovasc Surg Vol 18, December 1999 perigraft endoleak and unreliable stent fixation. Most imum of two clinicians. Precision can also be improved when consensus is reached on how to perform the clinicians advocate oversizing the endoprosthesis by 3-4 mm, in relation to the measured diameter of the measurements. However, it is unclear if stent-graft treatment requires such precision. The best way toneck and 2 mm in relation to the iliacs. Oversizing is supported by the inaccuracy of measurements as wards standardisation would appear to be automatic measurements. presented in this study, as well, by the knowledge of dilatation of the neck with time.
21-23 However, no Several comments can be made about this study. CTA protocols are changing with the arrival of new, studies have been published which evaluate the effects of oversizing or which compare the different strategies more sophisticated machines. Our equipment is of the early second generation of spiral CTs. At the moment used in centres regarding oversizing. Also, there is no consensus as to whether to measure the inner or the smaller collimation widths are possible with a variable pitch and reconstruction indices of 1 to 2 mm. It is not outer diameter, which can lead to confusion.
Computed tomography angiography is now con-clear if this would improve the variability substantially. Multi-planar views and free-curved MPRs as described sidered to be the optimal imaging technique to provide these measurements 24 preoperatively. With this tech-by Broeders et al. 26 were not performed in our study. The latter can give a true transverse image on each nique, axial images of the vascular anatomy can be produced in less than a minute. On a workstation level, independent of angulation in anteroposterior and lateromedial direction, which could reduce the three-dimensional reconstructions and multi-planar views of the vessel anatomy can be evaluated. 25 variability. However, the aorta is not always circular, and measurements are still manually performed. The Our study is, to our knowledge, the first study in which intra-and interobserver variability for some of extra handling to create such an image probably induces an increase in variability itself. the parameters of AAA in endovascular repair are determined. In some centres performing endovascular Maximum intensity projections (MIP) and surface shaded display (SSD) are three-dimensional displays procedures, measurements are done on hard copy, usually by one person. This situation was simulated of the original image. To create such an image, data from the original image must be segmented. The term in sessions 1A and 1B. The statistical analysis was based to provide a standard deviation in millimetres "segmentation" means the automated recognition of the location, shape and size of individual structures instead of percentages. The intraobserver variability shows, for session 1A and B, a s.d. of 3-4 mm for the (vessels) in images. There is a reduction of data in comparison with the original image and therefore, by neck and 1-2 mm for the iliacs. The interobserver variability ranges from 2-6 mm for the neck and definition, it is less reliable. Also, when the operator segments the original image incorrectly, the re-2-3 mm for the iliacs. It is obvious that, when oversizing of 3-4 or 1-2 mm is advocated, these variabilities constructed image is no longer a reliable copy of the original. These techniques seem of insufficient are insufficient to reliably determine the size of the endoprosthesis. Therefore, measurements on hard accuracy to provide the information required and were for that reason not used. Lederle et al. 17 reported copy are not accurate enough for sizing in TPEG.
In most centres preoperative evaluation is per-variations in AAA measurements of 5 mm and more. The purpose of their study was to determine variability formed with CTA and measurements are done on a work station. As described by Lederle et al., 17 the in measurements of small aneurysms. Their conclusion that a difference of 5 mm or less is clinically invariability for measuring aneurysm diameters is decreased by using electronic callipers and a magnifying significant is not acceptable for endovascular repair for the reasons stated above. Jaakala et al. 18 also reported a glass. This situation was reproduced in session 2A and B. The results showed a reduction in intraobserver significant interobserver variability. They considered neither CT nor ultrasound as the "gold standard". In variability to the results of session 1A and B. The standard deviation improved to a little more than our study no "gold standard" was used because our study was designed to evaluate the variation and not 1 mm for the neck and a little less for the iliacs. These results are usually sufficiently accurate for sizing the the difference from the "gold standard".
In conclusion, we believe that the next step will be stent-graft. However, the interobserver variability did not demonstrate such a reduction for all observer-to develop an analytical method featuring the threedimensional segmentation and analysis of CTA data to pairs. Also, the s.d. for the neck and iliacs still ranged from 1-2 mm, although all observers measured the provide reliable observer-independent measurements.
Such a measurement technique must be validated shortest diameter. Interobserver variability could be reduced if measurements are performed by a max-extensively in phantoms and prospective trials. 
